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012.04.0Abstract Background: Mitral annular calciﬁcation (MAC) is a chronic degenerative process that
may play a role in conditions as; left atrial enlargement, left ventricular enlargement, atrial ﬁbrilla-
tion and stroke. There may be a link between MAC and LA function.
Aim of the work: To study the relation between MAC with LA volume and function.
Patients and methods: This study included 80 cases subjected to: history and physical examination,
ECG, Transthoracic echocardiography to detect: MAC and its severity, LA dimension, LA vol-
umes, LV ejection fraction and transmitral Doppler ﬂow. The patients divided retrogradely into
two groups: group (I): included 50 patients with MAC and group (II): included 30 healthy volun-
teers. According to MAC severity group (I) subdivided into two subgroups, (A): included 31
patients with mild MAC. (B): included 19 patients with moderate to severe MAC.
Results: MAC is highly associated with atherosclerosis risk factors with positive correlation
between MAC and CAD. MAC is more common in females. There was signiﬁcant association
between MAC and diastolic dysfunction but not with systolic dysfunction. In-group (1), there
was signiﬁcant prolongation of the P-wave and signiﬁcant LA enlargement. In addition, there
was impaired LA active emptying volume and signiﬁcantly increased LA passive emptying volume
with signiﬁcantly decreased LA stroke volume and LA active emptying fraction (impaired LA func-
tion). The degree of MR is related to the severity of MAC.
Conclusion: MAC could serve as an indicator for poor LA function especially the contractile func-
tion.
ª 2012 Production and hosting by Elsevier on behalf of Egyptian Society of Cardiology.tian Society of Cardiology.
g by Elsevier
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021. Introduction and aim of the work
Mitral annular calciﬁcation (MAC) is a chronic degenerative
non-inﬂammatory process characterized by calcium and lipid
deposition in the annula ﬁbrosa of the mitral valve.1 It has been
reported in 6.1% of subjects that undergo routine echocardio-
gram. Its prevalence by CT, which is more accurate than echo-
cardiography, reaches 9%. It is more common in women and in
people older than 70 years.2 Several pathological and clinicalan Society of Cardiology.
200 A.F. Abueleninstudies have proposed that MAC is a form of atherosclerosis
and that coronary atherosclerosis and MAC have a similar eti-
ology. MAC has been found to be associated with increased
cardiovascular burden such as coronary artery disease, arrhyth-
mia, stroke and death.3 The left atrium (LA) serves as a
morpho-physiologic barometer for left ventricular diastolic
function. Diastolic impairment often precedes systolic impair-
ment during myocardial ischemia; therefore there may be a link
between MAC, LA function and dilatation.4
The aim of this work is to study the relation between mitral
annular calciﬁcation with left atrial volume and function.
2. Patients and methods
2.1. Patients
This study carried out in Zagazig University Hospitals, it in-
cluded 80 cases.
2.2. Inclusion criteria
patients were included if they had MAC, in sinus rhythm with
good echo window.
2.3. Exclusion criteria
patients excluded if they had any of the following: signiﬁcant
valvular heart disease, atrial ﬁbrillation, Heart block, Tempo-
rary or permanent pacemaker, chronic renal disease or renal
failure and Hyperparathyroidism.
3. All patients were subjected to the following
(1) Thorough history taking and physical examination.
(2) Resting 12 lead surface ECG: To assess P-wave dura-
tion, PR interval, QRS duration and signs of ischemia.
(3) Transthoracic echocardiography: 2-D, M-mode and
Doppler echocardiography were performed to all
patients For: Assessment of LA dimension: Using M-
mode echocardiography, LA diameter is measured at
the end ventricular systole when the left atrial chamber
is at its greatest diameter.53.1. Assessment of LA phasic volumes
LA volume was estimated by applying the method of disks
‘‘modiﬁed Simpson’s role’’, using 2-D apical 4 and 2-chamberFigure 1 Endocardial border tracings for left atrial volume estima
chambers and 4-chambers views.7views.6 The area of the left atrium is measured by planimetry
of both apical views. Then, a linear dimension or length is
measured from the center of the mitral annulus to the superior
border of the LA (as in Fig. 1) and Left atrial volume is then
calculated from the formula:
Left atrial volume ¼ ð0:85 A1  A2Þ  L
where A1 is the area in one plane and A2 is the area in the
orthogonal plane and L is the linear dimension.
On tracing of LA endocardium, special attention was
focused on tracings of atrial septum. LA appendage and the
conﬂuence of the pulmonary veins are excluded from the mea-
surement. A horizontal line is drawn across the mitral annular
plane, and LA area doesn’t include the funnel of the mitral
valve leaﬂets.
– The mechanical function of LA has assessed in three phases
within the cardiac cycle: ‘reservoir’, ‘conduit’ and ‘contrac-
tile’ functions.
– During ventricular systole and isovolumic relaxation, the
LA functions as a ‘reservoir’ receiving blood from pulmon-
ary veins.
– During The early phase of ventricular diastole LA operate
as a conduit’ for blood passing from the pulmonary veins
into the LV.
– This is followed by atrial ‘contraction’ during which the LV
stroke volume is augmented by approximately 20%.
1. Reservoir volume calculated as the difference between
maximal and minimum LA volumes. Maximal LA vol-
ume occurs at ventricular end-systole just before the
opening mitral valve (with the R wave of the ECG).
While, minimum LA volume occurs at end-diastole,
just before closure of mitral valve.
2. Conduit volume calculated as the difference between
maximum and pre-atrial contraction LA volume.
3. Contractile volume calculated as the difference between
minimum and pre-atrial contraction LA volume (At
the onset of p-wave on ECG).
 LA passive emptying volume is calculated as the difference
between maximal LA volume and the LA volume at atrial
contraction (at the onset of P-wave on electrocardiography).
 LA active emptying (stroke) volume is calculated as the dif-
ference between LA volume at atrial contraction and mini-
mum LA volume.
 LA passive emptying fraction = (LA passive volume · 100)
‚ maximum LA volume.tion using the modiﬁed Simpson’s rule on 2-D TTE in apical 2-
Figure 2 Visualization of MAC by Transthoracic echocardiography.8
Figure 3 Shows SAX view at the level of MV with MAV of
severe degree (thickness 6 mm) of case number 22 from group (I)
with LVH, LAD= 45 mm, LA Volumes (max 75 ml, at atrial
contraction 60 ml, min. 41 ml).
Figure 4 Shows apical 4 chamber view with MAV of moderate
degree (thickness 5 mm) of case number 17 from group (I) with
LVH, LAD= 43 mm, LA Volumes (max. 67 ml, at atrial
contraction 42 ml, min. 31 ml).
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ume · 100) ‚ LA volume at atrial contraction.
3.2. Assessment of LV ejection fraction
Using modiﬁed Simpson’s rule, LV Ejection fraction (EF) de-
ﬁned as the change in the LV volume divided by the initial vol-
ume: EF=(EDV-ESV)/EDV Where EDV is end diastolic
volume and ESV is end systolic volume.5
3.3. Visualization of MACL
MAC was deﬁned as an intense echocardiographic producing
structure with highly reﬂective characteristics that was visual-
ized throughout systole and diastole and was located at the
junction of the atrioventricular groove and the posterior mitral
leaﬂet on the parasternal long-axis, short axis, apical 4 or
2-chamber views (as in Fig. 2). The severity of MAC was mea-
sured from the leading anterior to the trailing posterior edge atits greatest width during the cardiac cycle. Calciﬁcation thick-
ness from 1 to 2 mm was considered mild, 2–5 mm was consid-
ered moderate and >5 mm was considered severe.8
3.4. Evaluation of diastolic function by estimation of Doppler
transmitral ﬂow velocity
The transmitral ﬂow velocity was recorded from the apical po-
sition with the sample volume located between the tips of the
mitral leaﬂet. With measurement of peak E-wave velocity, A-
wave velocity, (E/A ratio), E-wave deceleration time (DT)
and the isovolumic relaxation time (IVRT) measured from
the end of the aortic ﬂow to the beginning of the mitral ﬂow.
3.5. Laboratory investigations
Fasting and two hour postprandial blood glucose, total lipid
proﬁle obtained after 12 h fasting.
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the patients were divided retrogradely into two groups accord-
ing to the presence of MAC;
Group (I): included 50 patients with MAC detected on
echocardiography. It included 20 male (40%) and 30 female
(60%) with mean age of 62.5 ± 5.8 years.
Group (II): included 30 healthy control volunteers. It in-
cluded 20 male (66.7%) and 10 female (33.3%) with mean
age of 36.4 ± 5.5 years.
According to the severity of MAC, group (I) is subdivided
into two subgroups:
 Subgroup (A): included 31 patients with mild MAC.
 Subgroup (B): included 19 patients with moderate to severe
MAC.Table 1 Shows the differences in clinical data in both study
groups.
Variable Group (1) Group (2) P
X± SD X± SD
Age(years) 62.5 ± 5.8 36.4 ± 5.5 <0.001
Variable N % N % P
Sex
Male 20 40 20 66.7 <0.05
Female 30 60 10 33.3
Hypertension 21 42 3 10 <0.05
Diabetes Mellitus 14 28 0 0 <0.05
Smoking 19 38 3 10 <0.05
Dyslipidemia 18 36 1 3.3 <0.05
CAD 19 38 0 0 <0.05
HF 6 12 0 0 >0.05
Table 2 Shows the differences in ECG and Echocardiographic dat
Variable Group (
X ± SD
ECG P wave duration 127.3 ±
PR interval 142 ± 7
QRS 110.8 ±
Echocardiography
LAD 4.2 ± 0
LA volumes Maximum 67.1 ±
At atrial contraction 54.9 ±
Minimum 38.4 ±
LA stroke volume 17.5 ±
LA passive volume 13.2 ±
LA total volume 28.6 ±
LA passive emptying fraction 18.2 ±
LA active emptying fraction 31.4 ±
Variable N
Diastolic dysfunction 50
MR All grades 46
G1 20
G2 20
G3 4
G4 24. Results
4.1. Demographic and clinical characters of study sample
(Table 1)
There were statistically signiﬁcant difference between both
groups in gender, age, incidence of DM, HTN, dyslipidemia,
incidence of CAD and heart failure.
4.2. ECG data (Table 2)
There were no signiﬁcant difference between both groups in
PR interval and QRS duration, while there was highly signiﬁ-
cant difference between them in the P-wave duration (see
Tables 1 and 2).
4.3. ECHO data (Table 2)
There were highly signiﬁcant difference between groups (1)
and (II) in LAD, LA maximum volume, LA volume at atrial
contraction, LA Minimum volume, LA passive volume and
LA active emptying volume. While, there was signiﬁcant dif-
ference between them in LA stroke volume and no signiﬁcant
difference in LA total volume and LA passive emptying
volume.
There were no signiﬁcant difference between subgroups (A)
and (B) in LAD, LA Maximum volume, LA active emptying
volume, LA Minimum volume, LA stroke volume, LA passive
volume, LA total volume, LA passive emptying volume and
LA volume At atrial contraction (as in Table 3).
There were signiﬁcant correlation between MAC thickness
and each of age (r= 0.73, p< 0.05), maximum LA volume
(r= 0.33, P< 0.05) minimum LA volume (r= 0.32,
p< 0.05), LA volume at atrial contraction (r= 0.31,
P< 0.05) and grade of MR (r= 0.32, p< 0.05). While, there
were no signiﬁcant correlation between MAC thickness anda in both study groups.
1) Group (2) P
X± SD
8.6 90.4 ± 5.2 <0.001
.97 141.8 ± 1.9 >0.05
4.3 106.6 ± 6.6 >0.05
.7 3.2 ± 0.2 <0.001
21.2 42.8 ± 6.9 <0.001
17.2 34.5 ± 6.9 <0.001
13.3 14.5 ± 4.8 <0.001
7.4 22.8 ± 6.9 <0.05
6.1 6.6 ± 5.1 <0.001
12.5 28.6 ± 7.9 >0.05
6.6 15.5 ± 11.6 >0.05
9.3 61.32 ± 11.5 <0.001
% N % P
100 3 10 <0.001
92 0 0 <0.001
40 0 0 <0.01
40 0 0 <0.01
8 0 0 >0.05
4 0 0 >0.05
Table 3 Shows the differences in echocardiographic data in subgroups A and B.
Variable Subgroup (A) Subgroup (B) P
X± SD X± SD
LAD 4.22 ± 0.6 4.23 ± 0.4 >0.05
LA volumes Maximum 69.9 ± 28.4 65.1 ± 16.4 >0.05
At atrial contraction 57.7 ± 24.8 52.6 ± 12.6 >0.05
LA volumes Minimum 41.6 ± 19.6 36.5 ± 8.8 >0.05
LA stroke volume 16.6 ± 7.5 17.4 ± 7.5 >0.05
LA passive volume 13.7 ± 5.2 11.9 ± 6.4 >0.05
LA total volume 28.3 ± 12.5 28.5 ± 12.8 >0.05
LA passive emptying fraction 19.3 ± 4.8 18.4 ± 8.2 >0.05
LA active emptying fraction 28.9 ± 9.6 32.2 ± 8.7 >0.05
Table 4 Shows correlations between MAC and each of Age,
LAD, LA Volumes (maximum, minimum and at atrial
contraction), LVESD, LVEDD, EF and MR.
Variable r P
Age 0.73 <0.05
LAD 0.20 >0.05
LAVs Max. 0.33 <0.05
Min. 0.32 <0.05
at At. Cont. 0.31 <0.05
LVESD 0.009 >0.05
LVEDD 0.194 >0.05
LV EF 0.20 >0.05
MR 0.32 <0.05
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Case study: (example of cases from our study in Figs. 3 and 4).
5. Discussion
Regarding age, we found that MAC had a higher prevalence in
older age groups. This is in concordance with Kanjanauthai
et al.2, Kohsaka et al.4, Fox et al.9 and Willens et al.10
As regards gender, our results revealed that MAC was more
common in females. However, previous studies have proposed
that MAC may be a form of atherosclerosis, which is more
common in men. This paradox may be explained by an addi-
tional mechanism in women especially postmenopausal. Post-
menopausal osteoporosis leads to severe bone loss and
ectopic calcium deposits. In addition, hypovitaminosis D in
women with MAC has been demonstrated. This result is in
concordance with Kanjanauthai et al.2, Fox et al.9, Adler
et al.11 and Kohaska et al.12 However, it is discordant with
Fox et al.3, Willens et al.10, Sharma et al.13 this contradiction
could be attributed to the small sample size in our study.
The patients in some of these studies were younger and others
have end stage renal disease.
The current study showed a signiﬁcant higher incidence of
hypertension in group (I). This supports the previous studies
of Fox et al.9, Bild et al.14 and Utsunomiya et al.15
On the other hand, Kanjanauthai et al.2, Fox et al.3 and
Atar et al.8 didn’t ﬁnd a signiﬁcant correlation between
MAC & hypertension. This contradiction could be explained
by: in Kanjanauthai et al.2 study the study population was
healthier and had a lower prevalence of hypertension. While,In Fox et al.3 and Atar et al.8 the population cohort was
younger.
In our study, the prevalence of MAC increased consider-
ably in diabetic patients. This is in concordance with Sharma
et al.
13
and Utsunomiya et al.
15
The present study, showed a signiﬁcant higher incidence of
dyslipidemia in-group (I). This is in concordance with Koh-
saka et al. 4 and Utsunomiya et al.15
Our study showed a consistent signiﬁcant association be-
tween MAC and CAD. This can reﬂect the longitudinal expo-
sure to risk factors of CAD in MAC patients. This in
accordance with Atar et al.8, Utsunomiya et al.15 and Adler
et al.16
On the other hand, Nair and colleagues did not ﬁnd a cor-
relation between MAC and CAD in patients younger than
60 years. However, in Nair’s study, the diagnosis of CAD
was based solely on clinical data. In addition to Kohaska
et al.12 in Northern Manhattan Study this contradiction could
be explained by the age of this cohort, and the fact that they
focused on the relationship between MAC and acute coronary
events.
In our study, there was statistically non-signiﬁcant differ-
ence in QRS duration between both study groups. While, there
was signiﬁcant difference between the two groups in P-wave
duration. Which may indicate conduction system involvement
in patients with MAC with subsequent prolongation of intera-
trial and intraatrial conduction times 3 or left atrial enlarge-
ment and left atrial hypertension as a result of associated
MR and accompanying comorbid diseases as hypertension
and diastolic dysfunction which occurs in patients with
MAC. These results are in concordance with Ariyarajah
et al.7 and Pekdemir et al.17
In our study, there was a statistically non signiﬁcant differ-
ence between both groups as regards PR interval. This is dis-
cordant with Nair et al.18 and this contradiction could be
explained by small sample size in our study and the fact that
ambulatory monitoring and/or electrophysiological investiga-
tion may be needed.
In our study, MAC is signiﬁcantly associated with mitral
regurgitation with signiﬁcant positive correlation. The degree
of mitral regurgitation is related to the severity of MAC (ex-
pressed as thickness). This is in concordance with Fox et al.3,
Roberts et al.,19, Movahed et al.,20 and Minardi et al.21 It is
suggested that; when the mitral annulus becomes thick, rigid
and calciﬁed, it can interfere with normal valve motion and
leaﬂet coaptation leading to MR and in severe cases mitral ste-
nosis may occur.
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association between MAC and heart failure. This supports the
results obtained with the Cardiovascular Health Study by Gar-
din et al.16
In our study, the prevalence of diastolic dysfunction is
highly signiﬁcant more in-group (1). This may be related to
the presence of MAC. Both MAC and diastolic dysfunction in-
crease with age. In addition, MAC is associated with hyperten-
sion, DM, hyperlipidemia and CAD which can cause diastolic
dysfunction. These results are concordant with Ariyarajah
et al.,7, Sharma et al.,13 and Movahed et al.20
In our study, the LA linear dimension is highly signiﬁcant
longer in group (1) than in group (2). This is in concordance
with Kohsaka et al.4, Ariyarajah et al.7, Sharma et al.13 and
Pekdemir et al.17
Also, there was a signiﬁcant increase in all LA volumes
(maximum LA volume, LA volume before atrial contraction
and minimum LA volume). The increase in maximum LA vol-
ume reﬂects the overall increase in LA volumes in patients with
MAC secondary to LA enlargement. The increase in minimum
LA volume may reﬂect the poorer LA contraction in patients
with MAC leading to more residual volume in LA. This is in
concordance with Ariyarajah et al.7
Our results are discordant with Fox et al.9 who states that
there is no signiﬁcant association between MAC and increased
LA size.
Left atrial enlargement in patients with MAC may be
caused by associated MR leading to volume & pressure over-
load on LA or the accompanying co-morbid diseases such as
hypertension and hyperlipidemia. Also, diastolic dysfunction
which may lead to increased LV end diastolic pressure with
subsequent LA enlargement. Further, MAC is a sclero-degen-
erative disease that can cause inﬂammation, growth and in-
creased stiffness in LA. (Tsang et al.22)
There was no signiﬁcant correlation between LAD and
MAC, while there were signiﬁcant positive correlation between
MAC and LA volumes (Maximum, minimum, and at atrial
contraction) this difference in correlation between the LAD
and LA volumes with MAC could be explained by that: The
LA may become less spherical as it enlarges and thus, Left at-
rial volume (LAV) may become a more sensitive index of LA
enlargement than LAD (Tsang et al.22) also, Pritchett et al.23
states that LAV is a better index of LA size than LAD.
In our study, there was a signiﬁcant increase in LA passive
volume in patients with MAC. This occurs in spite of diastolic
dysfunction. This could be explained by that; diastolic dys-
function is not severe enough to cause signiﬁcant increase in
LA volume at atrial contraction which could affect the value
of these two parameters. The signiﬁcant increase in LA volume
at atrial contraction which was previously documented seen in
our results may be attributed to the increase in all LA dimen-
sions and volumes which occur in MAC. LA passive ﬁlling is
maintained due to high LA pressure and presence of MR. This
is in concordance with Ariyarajah et al.7
LA stroke volume which represents the volume of blood
emptied from the LA following active atrial contraction was
lower in patients with MAC in comparison with the control
group. This results in a poorer LA active emptying fraction
and serves as a good indicator of poor overall LA function.
So, LA function is poorer among patients with mild and with
moderate to severe MAC. This is in concordance with Ariyara-
jah et al.7On the other hand in our study there was a non signiﬁcant
difference between cases with mild and those with moderate to
severeMAC as regards LA linear dimension, LAmaximum vol-
ume, LA volume at atrial contraction and minimum LA vol-
ume. This may be related to the paucity of cases with severe
MAC. The same applies to LA passive volume, LA stroke vol-
ume, LA passive emptying fraction, and LA active emptying
fraction. These results are in concordance withAriyarajah et al.7
6. Conclusion
We can conclude that: patients with MAC have signiﬁcant LA
enlargement and impaired overall LA function especially the
contractile function expressed by: the signiﬁcantly decreased
LA active emptying volume, increased LA passive emptying
volume with decreased LA stroke volume and LA active emp-
tying fraction. Therefore, MAC could serve as an indicator for
poor overall LA function. This must be taken into consider-
ation especially in patients dependent on intact atrial function
such as those with severely depressed LV systolic and/or dia-
stolic function.
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